MB Bo. I£D06 


v 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


WARTIME REPORT 

ORIGINALLY ISSUED 

April 19U5 as 
Memorandum Report L5DO6 


COMPARISON OF PREDICTED AND ACTUAL CONTROL-FUED 
STABILITY AND CONTROL CHARACTERISTICS 
OF A DOUGLAS A-26B AIRPLANE 
By Harold L. Crane and Sigurd A. S Job erg 


Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 


T Y 




r. - !» • ft , + # ; 

I: 7,1 o‘TL ifiuiliv’iL U( 




llP* 


o 

•p 

O^ 





WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 


L - 608 



MR No. L5D06 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

MEMORANDUM REPORT 

for the 

Army Air Forces, Air Technical Service Command 
COMPARISON OF PREDICTED AND ACTUAL CONTROL-FIXED 
STABILITY AND CONTROL CHARACTERISTICS 
OF A DOUGLAS A-26B AIRPLANE 
By Harold L. Crane and Sigurd A. Sjoberg 


SUMMARY 


This report presents a comparison of some of the 
flying qualities of the- A-26B airplane predicted from 
the physical dimensions of the airplane with the actual 
flying qualities as determined by Langley flight tests. 

No estimate of control forces, of effects of power 
on stability, or of adverse aileron yaw has been made. 
There was good agreement between the measured and pre- 
dicted stick-fixed neutral points, stick-fixed maneuver 
points, elevator deflections required for trim, aileron 
effectiveness, and rudder-fixed directional stability . 

The results indicate that the control-fixed, power-off 
stability and control characteristics of a conventional 
airplane can be predicted from the dimensions of the air- 
plane and from general wind-tunnel data now available 
with sufficient accuracy for design purposes. 


INTRODUCTION 


At the request of the Army Air Forces, Air Technical 
Service Command, flight tests have been made to determine 
the flying qualities of a Douglas A-2oB airplane. These 
tests were reported in references 1 to 3 . it has been 
requested by the Air Technical Service Command that a 
report comparing predicted and actual flying qualities 
* be prepared in conjunction with flight measurements of 

the flying qualities of an airplane. In the present 
report some of the flying qualities of the airplane are 
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predicted from the physical dimensions of the airplane 
and compared with the actual flying qualities. Discus- 
sion of errors in the predicted flying qualities and the 
probable sources of error is included. No control-force 
data are presented because no satisfactory method of 
estimating the hinge moments is known. Neither the 
effects of power -on stability nor the amount of adverse 
aileron yaw were predicted because methods of calculation 
were not sufficiently well developed, but it is hoped to 
present these calculations at a later date. 


THE AIRPLANE 


The Doxiglas A-26B airplane is a three-place, twin- 
engine, midwing, attack-bombing airplane having double- 
slotted flaps and a retractable tri cycle-type landing 
gear. All control surfaces were sealed. Figure 1 is a 
three-view drawing of the airplane. Dimensions used in 
the calculations are listed below; 

Weight (assumed for calculations), lb ..... . 29,000 

Wing 

Area (including ailerons and fuselage), 

sq . t . . .. *. . ... • . . . . . ... . . 5^0 

Span, ft 70 

Aspect ratio 9 *08 

Taper ratio ................... O .45 

Mean aerodynamic chord, in. .......... 97*53 

Location of leading-edge mean aerodynamic 
chord (in. aft of leading edge of root 

chord) - 6.1 

Airfoil section, root 65,2-215 a = 0.8 b = 1.0 

tip 65 , 2-215 a = 0.5 b = 1.0 

Incidence, deg, root, ..... .... 2 

tip, 1 

Dihedral (top face of front beam), deg 4 . 5 

Sweepback of leading edge, deg ........ 1.9 

Wing flaps 

Type ..... .... double slotted 

Flap span (including nacelle and fuselage 

cut-outs), percent wing span 65 

(excluding nacelle and fuselage 
cut-outs), percent wing span ...... I 4 I 4 . 

Area, sq ft , 65 . 9 

Chord, (main flap only) percent wing chord , ... 25 

Deflection (maximum in flight), deg . . 50 
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Ailerons 

Type sealed internal balance 

Location, along wing semispan, percent 

wing semi span 65 to 96.5 

Chord (aft of hinge line), percent wing 

chord 21 

Area (aft of hinge line, total of two 

ailerons including tabs), sq ft . . 27.2 

Deflection (maximum under no load) , 

deg . 20 up 15 down 

Balance-tab area (total of two), sq ft 2.3 

Balance-tab linkage ratio ........... O .36 

Trimming tab area (left aileron), sq ft 1.15 

Tab chord, percent wing chord 8.00 


Horizontal tail 

Total area (including section through 

fuselage), sq ft 116.1 

Span, ft .... 22.69 

Stabilizer area, including elevator 
balance area forward of hinge 

line, sq ft 83 .il 

Elevator area (aft of hinge line), sq ft ... 32.60 

Balance area, forward of hinge line 10. 3 

Incidence, deg 0 

Dihedral, deg 10 . 58 

Trimming tab area, total 3 q ft 2.6 

Tail length (from elevator hinge line 
to 25 percent mean aerodynamic chord 

of wing), ft . 30. 0 5 

Elevator deflection (maximum under no 

load), deg 29 up 19 down 


Vertical tail 

Total area (excluding dorsal), sq ft 71-35 

Pin area (including rudder balance area 

forward of hinge line), sq ft ........ 48.23 

Rudder area (aft of hinge line), sq ft 23 . 1 

Height above fuselage, ft 10 

Rudder deflection (maximum under , 

no load), deg right and left 
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Engines (2) Pratt & Whitney R-2800-2SBG 

Rating 

Take-off . 2000 hp - 52 in. Hg - 2700 rpm 

Military 1950 hp - 5 O .5 in. Hg - 

2700 rpm - 1500 ft 
1600 hp - i| 7 .0 in. Hg - 
2700 rpm - 12,000 ft 
Max, continuous ...... 1500 hp - 41.5 in. Hg - 

2 I 4 .OO rpm - 5500 ft 

Propellers (2) 

Type . Hamilton Standard 

Diameter, ft .......... . . 12.5 

Number of blades ..... 5 

Gear ratio 2jl 

Service center-of -gravity range, percent 

mean aerodynamic chord ........... 18 to 52 

Wheels - smooth contour 

Main wheels, in. ....... diameter I 4.7 - width 17 

Nose wheel, in. diameter jo - width 13 


SYMBOLS 


W 

s 

b 

ttrp 

C L 

n 

q 

dCg/da 


C 


m 


airplane weight, pounds 

wing area, including section through fuselage 
ana the ailerons, square feet 

wing span, feet 

angle of attack of thrust axis, degrees 

airplane lift coefficient, nW/q 

normal acceleration, gravitational tinits 

free -stream dynamic pressure, pounds per square 
foot 

variation of lift coefficient with angle of 
attack 

pitching -moment coefficient of airolane, 

_ M 
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M 

c 

dC m /dC L 


q 


t 




k 


de /da 


l 


P 


D 

5 

P 

T 

C N 

dC Np /da 



Sn 

J n 

bhp 


airplane pitching moment, foot-pounds 

mean aerodynamic chord of wing, feet 

variation of pitching-moment coefficient with 
lift coefficient 

dynamic pressure at tail, pounds per square 
foot 

distance parallel to thrust axis from airplane 
center of gravity to elevator hinge line, 
feet 

factor for correction of propeller downwash 
for effects of wing and fuselage 

variation of downwash angle at tail with angle 
of attack 

distance from center of gravity to propeller 
plane measured parallel to thrust axis, 
feet 

propeller diameter, feet 

control-surface deflection measured from 
neutral position, degrees 

mass density of air, slugs per cubic foot 

elevator effectiveness factor, dap/d6 e 

coefficient of force normal to thrust axis 

rate of change of normal-force coefficient of 
propeller with angle of attack 


rate of change of upwash at propeller plane 
with angle of attack 

projected side area of nacelle, square feet 
length of nacelle, feet 
brake horsepower 
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P 

a 

V 

P 

C ^6 


propeller efficiency 

spanwise distance from airplane center line to 
thrust line, feet 

true airspeed, feet per second 

rolling velocity, radians per second 

variation of rolling -moment coefficient with 
aileron deflection 


c l 


p 


variation of rolling -moment coefficient with 
pb/2V 


K 


aileron effectiveness factor da w /d6 a 


pb/2V 

C n 


helix angle described by wing tip, radians 
yawing-moment coefficient of airplane C n = 


N 

qSb 



angle of sideslip, degrees 

rate of change of side force coefficient of 
propeller with angle of yaw 

rate of change of normal-force coefficient of 
vertical tail with angle of sideslip 


Subscripts 


w 


t 

f 

n 

P 

e 

a 

r 


wing 

tail 

fuselage 

nacelle 

propeller 

elevator 

aileron 

rudder 


T 


thrust axis 
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METHOD OP ANALYSIS, RESULTS, AND 
COMPARISON WITH PLIGHT DATA 


I. longitudinal Stability and Control 
A. Stick-fixed neutral point 

The neutral stability point of the airplane 
was determined for the gliding condition (engines idling, 
flaps up, and landing gear retracted) at high speeds. 

The first step was to determine the value of dCm/dCL* 

the rate of change of pitching -moment coefficient with 
lift coefficient, at two center-of -gravity positions for 
the various airplane components. 

A discussion of the methods used in determining 
the effects of the various components follows; 

1. Wing aerodynamic center 

The wing aerodynamic center was assumed to be 
at 25 percent mean aerodynamic chord. Wind-tunnel 
tests of a 65 , 3 - 118 ) a - 1.0 airfoil reported in 
reference I 4 . showed the aerodynamic center of this 
similar airfoil to be at 2G percent mean aerodynamic 
chord. 


2. Fuselage and nacelle effect 

The rate of change of pi tching -moment coeffi- 
cient with lift coefficient Cl for fuselage 

and nacelles was determined by the method outlined 
in reference 5 • 

3. Horizontal-tail effect 


The rearward shift in neutral point due to the 
horizontal tail was calculated from the formula; 



dc 

da 


) 


dC Li 


t 


1 



8 


MR No. L5D06 


q t 

A value of — - 0.9 was used in the calculations. 

The slope of the lift curve of the tail 1-^] was 

\ /t 

obtained from reference 6 and was found to be 0.066 
per degree. Prom unpublished low-drag airfoil data 

a value of wing lift- curve slope = 0.0368 

\ d a /if] 

was obtained for use in the calculations, a value 
of de/da of O.lil was obtained from reference 6. 

k* Propeller normal-force effect 

The propeller normal-force effect was obtained 
from the formula given in reference 5: 



A value of the upwash factor 



was obtained from figure 8, reference 7> and a value 
of the variation of propeller normal-force coefficient 

with angle of attack = 0.12 from figure 6, 

da 


reference 8. 


5 . Propeller downwash effect 
The effect of propeller downwash on 

was calculated by the formula given in reference 




This formula was derived from consideration of the 
mass flow through the propeller and the change In 
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its momentum perpendicular to the relative wind 
produced by the propeller. The factor k from refer- 
ence S, which is equal to approximately 0.9 was 
included to take into account the effects of the 
wing, fuselage, and other factors on the propeller 
downwash. The effect of a large error in this 
factor on the calculated neutral point would amount 
to a fraction of a percent mean aerodynamic chord. 

6 . Summation of components 

Figure 2 shows the variation of dCm/dC^ with 

center-of -gravity position for the various components 
considered and from direct summation of the components 
for the airplane as a whole. The calculated stick- 
fixed neutral point is at IlO.Ij. percent mean aero- 
dynamic chord, the center-of-gravity position at 
which the value of dCjn/dC^ (total) is zero. The 

calculated . neutral point is in good agreement with 
the flight value of 39*3 percent mean aerodynamic 
chord for normal-force coefficients between 0.3 
and 1 . 2 . 

In the flaps-down condition with engines idling 
at the higher end of the 3 peed range (C^ = 0.3 

to 1 . 2 ), where it could be assumed that q^/q 

was 0.9 and the data of figure 5 > reference I)., indi- 
cated that there was no shift of the aerodynamic 
center of the wing due to flap deflection, the cal- 
culated neutral point was I 4 .O .4 percent mean aero- 
dynamic chord as it was in the gliding condition 
and the flight value varied from ij .0 to !fl percent 
mean aerodynamic chord. 

B. Elevator trim curves 

1. Gliding condition (engines idling, flaps 
up, landing gear up) 

The variation of elevator deflection required 
for trim with indicated airspeed was calculated for 
center-of-gravity positions of 23 and 32 percent of 
the mean aerodynamic chord. The resultant pitching 
moment of the airplane about the specified center- 
of-gravity positions was determined at ~ 0. A 

value of Cm of - 0.03 for the wing was obtained 
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from figure 5> reference I 4 .. The increments of 
pitching moment due to fuselage, tail, and idling 
propellers were obtained using the expression: 



Values of dCm/dCL were obtained from figure 2. 

Using an estimated angle of zero wing lift of -2° 
and assuming the root incidence of 2P to be constant 
along the span gave an angle of attack of - 4 0 for 
fuselage tail and propellers. The elevator deflec- 
tion required at Cg = 0 was determined from the 
expression: 

JL JL i 

6 ® ( ^ c l\ St q t l t T 

VdS"A 


Differentiation of this expression with respect 
to yielded d6 e /dC m and multiplying d6 e /dC m 

by d in/ d CL gave d5 e /dC L , the slope of the ele- 
vator trim curve . Figure 3 shows the flight and 
calculated variation of elevator angle with lift 
coefficient for center-of -gravity positions of 23 
and 32 percent mean aerodynamic chord. 

For further comparison with flight data the 
variation of elevator angle required for trim with 
speed was calculated assuming an airplane weight 
of 29,000 pounds. This weight was the approximate 
weight of the airplane during the flight tests. 
Figure I 4 . shows a comparison of the calculated and 
flight values. Good* agreement was obtained through- 
out the speed range. 

2,. Landing condition (engines idling, flaps 
down, landing gear down) 

An increment of lift coefficient ACl of O .95 
due to 50 ° flap deflection was used in the calcu- 
lation of flap-down elevator trim curves. 
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This increment was calculated by applying the ele- 
vator effectiveness factor of reference 6, figure 3 > 
to estimate the change in angle of attack of the 
flapped portion of the wing excluding any fuselage 
or nacelle area. The assumption that the effect of 
the flaps did not carry across fuselage or nacelles 
tends to account for the loss in flap effectiveness 
due to the gaps about .I4. inches wide between the 
flans and nacelles and between the flaps and the 
fuselage. The expression used to calculate the 
increment of lift coefficient due to flap deflection 
was : 


ACl = &5f 


T 


^ O 

da 


^f lapped 
^w 


The flapped area of the wing as defined above was 
260 square feet and the ..value of t was 0 . JLp6 . The 
data of figure 3, reference If. , obtained from two- 
dimensional tests of a double-slotted flap instal- 
lation similar to that on the A-26B, showed a linear 
variation of effective angle of attack with flap 
deflection up to If5° beyond which angle the flap 
effectiveness gradually decreased. A value of t 
determined from figure 3, ref erence if., was of nearly 
the same magnitude as the value obtained from fig- 
ure 3, reference 6, used in the calculations. 
Wind-tunnel tests of a model, of the A.-26 airplane 
gave' the same increment of trimmed lift coefficient 
as the above calculations. Figure 5 shows the 
variation of lift coefficient with angle of attack 
with flaps up and flaps down# 

The data of figure reference It, showed that 
the wing aerodynamic center did not shift with flap 
deflection over a considerable portion of the lift- 
coefficient range. The pitching moment due to 
deflecting the flaps fully was determined by two 
different methods. An increment of pitching-moment 
coefficient of -O.338 was obtained by using the 
section pitching-moment data of figure 5> reference I4., 
and the method of reference 9 for determining the 
pit ching -moment coefficient of a wing with a partial- 
span flap. The pitching moment due to deflecting 
the flaps was also obtained by assuming the increment 
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of lift coefficient, = 0.95> fc0 ac ' t: 50 per- 

cent of the mean aerodynamic chord. The pitching- 
moment increment was then equal to - 0 . 25 &CT, 

or -0.238. 


The effect of the lowered landing gear was not 
included in the calculated values of elevator deflec- 
tion for trim. However, it was estimated from the 
data of figures 19 and 20, reference 11 , that approxi- 
mately 1° up-elevator deflection would be required 
to counteract the pitching moment due to the landing 
gear. This value would vary somewhat with speed. 

It was found from flight data at 135 miles per hour 
that 1.1° more up elevator deflection was required 
for trim when the landing gear was lowered. 

The elevator trim curves for the flap-down 
condition were calculated by the same method used 
for the flap-up condition., The downwash at the tail 
with the flaps deflected was obtained from figure 5> 
reference 10- Figure 6 presents the variation of 
elevator deflection for trim with lift coefficient 
for center-of-gravity positions of 21 and 30 percent 
mean aerodynamic chord obtained from flight and 
from the calculations using two values of pitching- 
moment increment due to flap deflection. Figures 7 
and 8 present a comparison of flight and calculated 
curves of elevator deflection with flaps deflected 
against airspeed. The curves calculated from sec- 
tion flap pitching -moment data were offset somewhat 
from the flight data. Recalculating the pitching 
moment due to the flaps by the second, approximate 
method eliminated most of the offset. At speeds 
above which there was no flow breakdown over the 
wing in flight the calculated and flight curves 
have approximately the same slope. However, at low 
speeds the wing root stalled reducing the downwash 
at the tail and increasing the elevator deflection 
required in flight more rapidly than the calculated 
value increased. 

C. Tail angle of attack 

To determine whether there was any possibility 
of tail stalling, the maximum angle of attack of the 
horizontal tail was calculated. The critical condition 
was shown by calculations to be with the flaps down at 
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the maximum permissible speed, 160 miles oer hour. With 
the flaps up, the angle of attack of the thrust axis and 
of the horizontal tail at zero lift would be approxi- 
mately -i]_° as shown in figure 5- Lowering the flaps 
fully without changing the angle of attack would make 
the lift coefficient equal 0.95 • The increment of down- 
wash at the tail due to full deflection of the flaps was 
estimated from figure 5* reference 1C , to be -5-1°. The 
resultant angle of attack of the tail at Cl = 0.95 with 
flaps down would be -9-1 0 . The change in true angle of 
attack of the tail going from Cl = 0.95 to Cl = 0.8l, 
which corresponds to l6o miles per hour, was approxi- 
mately -1° resulting in an angle of attack of the tail 
of approximately -10° not including the effect of pro- 
pellers. Idling propellers would reduce this angle very 
slightly, but with power on it would be increased. No 
estimate was made of the increase in downwash angle due 
to application of power. In flight tests there was no 
indication of tail stalling. 

Eh Elevator deflection required for landing 

The elevator deflections required to hold the 
airplane in the landing attitude near the ground have 
been calculated by the method of reference 9 • The 
landing attitude angle measured with respect to the 
thrust axis was considered to be 8° which would corre- 
spond to an angle of attack of 8° at zero rate of descent 
and (from fig. 5) to a lift coefficient of 2.0. Figure 9 
shows a comparison of flight and calculated values of 
the variation of elevator angle required to land with 
center-of -gravity position. Because of the root stall 
on the wing and the resulting decrease in downwash over 
the tail it had been expected that the calculated deflec- 
tions would be less than those from flight data. However, 
the only two flight points which lie above the calculated 
curve were from landings during which additional elevator 
control was used for rapid flaring. 

E. Minimum speed to raise no3e wheel 

The minimum speed to raise the nose wheel for 
take-off was determined by a summation of moments about 
the main wheels including the inertia forces acting on 
the airplane. The moments due to the weight of the air- 
plane, the tail lift with fully deflected elevators, the 
resultant force along the thrust axis, and the wing lift 


Ik 


MR No. L5D06 


were considered. It was assumed that the resultant drag 
force acted through the center of gravity. A tire fric- 
tion coefficient of O.Oli was used. A process of succes- 
sive approximations was required in the calculations. 

q t 

It was determined from momentum calculations that — * 2 

<1 

at the minimum speed for raising the nose wheel. Fig- 
ure 10 is a plot of calculated values and those estimated 
hy the pilot against center-of -gravity position. The 
calculated results are somewhat conservative. 

F. Maneuvering stability and control 

Stick-fixed neutral points for turning flight 
or stick-fixed maneuver points were calculated for con- 
stant speed turns at 235 miles per hour at sea level and 
at 10,000 feet altitude. The increment of elevator 
deflection due to turning was calculated from the formula: 


A6 


g “ 


ACppglt 




where ACl is increase in lift coefficient from straight 
flight at the desired speed. The increment of elevator 
angle due to turning wa3 added to the elevator angle 
required for trim in steadj? - flight (fig. 3) a t the same 
lift coefficient. If the tail length is assumed constant 
for all center-of -gravity locations (the allowable center- 
of -gravity movement is small compared to the tail length) , 
the increment of elevator angle due to turning is a con- 
stant for all center-of -gravity locations. Figures 11 
and 12 show the variation of elevator angle with lift 
coefficient in constant-speed turns at 235 miles per hour 
at 0 and 10,000 feet altitude and center-of -gravity loca- 
tions of 23 and 32 percent mean aerodynamic chord. The 
stick-fixed neutral points in turning flight were deter- 
mined at 2g • at 235 miles per hour at sea level and at 
10,000 feet by measuring the slopes of the curves of fig- 
ures 11 and 12 and plotting the values of dd e /dC L 

against center-of -gravi ty location. Figure 13 shows 
these plots. Flight data showed the stick-fixed neutral 
point in a 2g turn with rated power at 235 ^iles per 
hour and approximately 10,000 feet altitude to be at 
I 4 . 3 .5 percent mean aerodynamic chord. The calculated 
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value of neutral point for the game condition is per- 

cent mean aerodynamic cnord. It is permissible to com- 
pare the neutral point measured in turning flight using 
rated power with the calculated value for turns in the 
gliding condition because the thrust coefficient was 
small at the moderately high speed under consideration 
and does not vary with acceleration. The effect of power 
on longitudinal stability should be small in turns at 
235 miles per hour but some of the discrepancy between 
the calculated and flight neutral points can be charged 
to the destabilizing effects of power. 

II. Directional Stability and Control 

A. Directional stability, rudder fixed 

The directional stability of the airplane with 
engines idling was calculated by summing up the variation 
of yawing -moment coefficient with angle of yaw, dC n /df3, 

for the various components of the airplane. For all 
directional-stability calculations it was assumed that q^ 

was equal to 0.9Q. and no account has been taken of side- 
wash. The assumption that sidewasli could be neglected 
which simplified the calculations is believed to be 
justified because the vertical tail is relatively far 
removed from the influence of the wing and fuselage and 
is not in the propeller slipstream. 

1. Contribution of vertical tail 

The contribution of the vertical tail to 
directional stability was calculated from the fol- 
lowing formula; 

/dC n \ _ x 

\d(3/ t " * Sqb 

= - 0 . 00222 . 

The value of the slope of the lift curve of the 
vertical tail used was O.OI 4.5 per degree obtained 
from figure 3 , reference 12, as recommended in 
reference 12 the effective aspect ratio of the 
vertical tail was assumed to be l.p times the 
actual aspect ratio to take into account the end- 
plate effect of the horizontal tall. 
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2. Effect of idling propellers 

The effect of idling propellers was obtained 
from the expression; 




ifSb 


* 


= 0.000072 per propeller per 
degree 

, /dCy\ 

from figure 6, reference 0, ( —2 ) = 0.12 


d\i/ 


P 


Nacelle effect 

An empirical formula which had been developed 
by Langley flight division personnel was used to 
estimate the nacelle effect. 


S 2 

= 0.0158 — — 
n l n Sb 

= 0.00018 per nacelle per degree 
Ii. Wing, fuselage, and interference effects 



The contributions to the directional stability 
of the wing, fuselage, and wing-fuselage interfer- 
ence were estimated using data presented in refer- 
ence 13 for the model with tapered midwing having 
lj. .75° sweepback. 



-0.00015 



0.0003 



- 0,0001 
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Effect of dorsal 


The yawing -moment coefficients due to 
dorsal fin at various sideslip angles were 
from reference 1^ using the data of figure 
type 2 dorsal, vmich had the same relative 
the dorsal fin used on the A-26 airplane. 


the 

obtained 
5 for a 
size as 


(3 

Cn 

-5 

- 0.0006 

-10 

- 0.0017 

-15 

- 0.0035 


Figure l!p shows the calculated variation of 
yawing-moment coefficient of the airplane with 
rudder fixed and engines idling. 


B. Rudder deflection for trim 

From the data of figure lip and the formula: 


. CnSb 


-dT T T 

the variation of rudder deflection with angle of sideslip was 
calculated.- cThe value-, of - the rudder effectiveness ..factor t 
was found to be 0.6 from figure ip, reference 12. Fig- 
ure 15 presents a comparison of flight and calculated 
values of the variation of rudder deflection with angle 
of sideslip for the clean condition with engines idling. 

The agreement between flight and calculated values is 
best at low angles of sideslip. The difference between 
the slopes of the calculated and test curves at the larger 
sideslip angles may be due to underestimation in the 
calculations of the effect of the dorsal fin at large 
sideslip angles. 

C. Asymmetric power condition 

1. Rudder deflection for trim at 0° sideslip 

Calculations were made to determine the direc- 
tional stability and control characteristics with 
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the left propeller inoperative and the right engine 
delivering normal -rated power. Figure l 6 shows 
the calculated values of the variation with indi- 
cated airspeed of rudder deflection required to 
maintain zero sideslip. The rudder deflections were 
calculated from the formula 


bhp rj a 


6 r = 


550 

V 


/ic Nt 

w 


T ^t s tH 


where the numerator is the yawing moment due to 
asymmetric power and the denominator is the yawing 
moment per degree of rudder deflection. The pro- 
peller efficiency p, was determined from fig- 
ure 5-15 } reference 15, for tie various propeller 
advance -diameter ratios and q fc was assumed to 

be 0 . 9 q. 


Flight data were available from runs made with 
the wings level in which there was a small amount 
of sideslip. The accuracy of the calculated data 
in figure l 6 is indicated by the close agreement 
between rudder deflections used in flight and cal- 
culated values of rudder deflections required to 
trim at the angles of sideslip held in flight. 

2 . Sideslip with rudder fixed 

Figure 17 shows the variation with speed of the 
sideslip angle required during single-engine opera- 
tion with the rudder fixed in neutral. This curve 
was obtained by first determining the yawing-moment 
coefficient Cn required to balance the yawing 
moment due to asymmetric thrust by the formula 


n _ bhp p a 55O 
n qSbV 

and then from figure lip determining the sideslip 
angle at which the required value of C n is reached. 

Flight data were available from runs made with 
the rudder free. The variation of angle of sideslip 
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with indicated airspeed was calculated using rudder 
trailing angles from the flight data. Figure 17 
shows very close agreement between actual and cal- 
culated sideslip angles with a given rudder trailing 
angle . 

5 . Rudder deflection for trim as a function 
of sideslip angle 

Figure 13 shows the rudder deflection required 
for trim during single-engine operation as a function 
of sideslip angle at indicated airspeeds of 120 
and lJLj_0 miles per hour. These curves were calculated 
from the formula 


550 


5 r = 


bhp n a ^ C n qSb 

7 . , 

VI?/ Tq t s t J t 


where the numerator is the difference between the 
yawing moment due to asymmetric power and the air- 
plane restoring moment and the denominator is the 
yawing moment per degree of rudder deflection. The 
value of C n in the above formula was obtained 

from figure 1 I 4 . for the sideslip angles at which the 
rudder deflection for trim was to be determined. 

III. Lateral Control Characteristics 

The aileron effectiveness pb/2V was estimated 
by the method given in reference l 6 using the formula; 


ob _ / c lfA K ^ 6 a 

2V ~ \ K / llk.6 Ci v 


C *6 

and C 7 were obtained from reference 16 and a 

K 6 P 

value of Ti = 0.1+ was estimated from flight data pre- 
sented in reference 17 for an airplane having 19 -percent- 
chord cusoed ailerons with O.i +8 to 1 balancing tabs. 
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For a total aileron deflection of 3^4° with O .36 to 1 
balancing tabs, the aileron effectiveness pb/2V was 
calculated to be O.O 78 . The change in aileron effec- 
tiveness caused by varying the balancing tab ratio can 
be estimated by considering the tabs to be small ailerons 
and applying the above method. The value of K used 
for the balancing tabs would be approximately 0.15- The 
calculated value of aileron effectiveness was considerably 

higher.! than the value of ~ - 0.063 obtained in flight 

with the same aileron deflection. In making these calcu- 
lations no account was taken of wing twist which would 
tend to reduce aileron effectiveness. 


CONCLUSIONS 


Regarding the comparison of predicted and actual 
flying qualities of the A-2.63 airplane the following 
statements can be made: 

1. It was possible to predict within 1 percent mean 
aerodynamic chord the stick -fixed neutral point for the 
engines-idling condition with flaps up or down except in 
the flaps-down condition at low speeds C >1.2 where 
the ratio of dynamic pressure at the tail to free -stream 
dynamic pressure and the downwash at the tail were not 
readily estimated. 

2. It was possible to predict within 0.5° the ele- 
vator deflections required for trim in the gliding con- 
dition up to a lift coefficient of approximately 1.2 
where root stall of the wing occurred. 

3 . It was possible to predict by an approximate 
method the elevator deflections required for trim in the 
engines-idling, flaos-down condition to within 1° up to 
a lift coefficient of 1 . ip . 

4. Calculations showed that no tail stall should 
occur with flaps down , power of f, and no tail stall 
occurred in flight. 

3 . The predicted and actual elevator deflections 
required for landing were in very good agreement. 
However, it would be expected that the calculated . 
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elevator deflections would be lower than the flight 
values because of the root stall which occurred in 
flight. 


6. The predicted minimum speeds for raising the 
nose wheel were about 10 miles per hour higher than the 
measured speeds. 

7 . The predicted stick-fixed maneuver point for 
constant-speed turns at an indicated airspeed of 235 miles 
per hour with engines idling was about 2 percent aft of 
the maneuver point for power on flight. Some of the 
discrepancy can be charged to the destabilizing effect 

of power. The predicted elevator deflections for trim 
at various lift coefficients in a constant- speed turn 
with engines idling were about 1.5° more than deflections 
required in flight for power-on turns at the same speed. 

8. It was possible to predict for the engines-idling, 
flaps-up condition the rudder deflection required for 
trim at a given angle of sideslip within 1° for angles 

of sideslip up to 10° above which the error increased 
probably due to underestimation of the stabilizing effect 
of the dorsal fin. The calculations were simplified in 
the case of the A -26 because the vertical tail was out 
of the slipstream and was relatively far removed from 
the influence of the wings and fuselage. Therefore, it 
was justifiable to neglect the effects of sidewash. 

9. it wa3 possible to predict within 2° the rudder 
deflection required for trim at any speed at 0° sideslip 
with one engine delivering full power and the other 
engine idling in the flaps-up condition. 

10 . It was possible to predict within 1 . 5 ° the angle 
of sideslip required for trim at any speed with the rudder 
fixed in the flaps-up condition with one engine delivering 
full power and the other engine idling. 

11 . The predicted aileron effectiveness pb/ 2 V was 
approximately 20 percent high. Wing twist which was not 
considered would tend to account for this discrepancy. 

12 . The results presented in this report indicate 
that many of the control-fixed, power-off stability and 
control characteristics of a conventional airplane can 
be predicted from the dimensions of the airplane and 
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from general wind-tunnel data now available with suffi- 
cient accuracy for design purposes. 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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Figure 1. - Three-view drawing of the Douglas A-26B airplane 
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Figure 2. - Calculated variation of dC^/dCL with 

center-of -gravity position in the engines- 
idling, flaps-up condition, Douglas A-26B 
airplane. 
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Figure 3. - Variation of elevator angle with lift coef- 
ficient for two center-of-gravity positions 
in the engines - idl ing, flaps-up condition, 
Douglas A-26B airplane. 
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Figure M-. - Variation of elevator deflection with airspe< 
at two cent er-of -gravity poeltlone In the 
engine e- idling, flap s-up condition, Douglas 
A-26B airplane. 
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Figure 6. - Variation of elevator angle with lift coefficient 

for two cent er-of -gravity positions in the enginee- 
ring, flaps -down condition, Douglas A-26B airplane. 
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Figure 7* “ 


— ~~ — national advisory 

- r "P: | , , . j - I [ [ f : ' L t : ••• COMMITTEE FOR AERONAUTICS 

Variation of elevator deflection with airspeed with 
the center of gravity at 21 percent M.A.C. in the 
engines-idling, flaps-down condition, Douglas 
A-26B airplane. 
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Figure S. - Variation of elevator deflection with airspeed with 
the center of gravity at 30 percent M.A.C. in the 
engines- idling, flaps-down, Douglas A-26B airplane. 
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Figure 11. - Variation of elevator angle for trim with lift coef- 
ficient in turns at 235 miles per hour at sea level 
and 10,000 feet with the center of gravity at 23 
percent engines- idling, flaps up, Douglas 

A- 26 B airplane. 
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Figure 12. - Variation of elevator angle for trim with lift coef- 
ficient in turns at 235 miles per hour at sea level 
and 10,000 feet with the center of gravity at 3 2 
percent M.A.C., engines idling, flaps up, Douglas 
A-26B airplane. 
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Figure ]>. - Variation of yawing moment coefficient with angle of 

yaw, engines idling and flaps up, Douglas A-26B air- 
plane. 
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Figure 15. - Variation of rudder angle with sideslip angle in the 
engines-idling, flapa-up condition, Douglas A-26B 
airplane. 
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Figure 16. - Variation of rudder angle required for trim with air- 
speed with the left engine idling and right engine 
delivering rated power with the flaps up, Douglas 
A-26B airplane. 
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Figure 17. - Variation with the rudder fixed and with the 
rudder free of the sideslip angle for trim 
with airspeed, left engine idling, right 
engine delivering rated power, flaps up, 
Douglas A-26B airplane. 
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per hour with left engine idling, right 
engines- at normal rated power, flaps up, 
Douglas A-26B airplane. 


